Introduction
Current treatment guidelines for chronic obstructive airways disease (COPD) recommend the use of long-acting bronchodilators to relieve symptoms and reduce exacerbations, and these therapies are commonly delivered using hand-held aerosol inhalers.
Patients with COPD are generally older than those with asthma; the risk of COPD increases five-fold in individuals over 65 years of age compared with those younger than 40 years of age. 3 Patients with COPD are therefore more likely to have impaired dexterity and hence to make handling errors, 4 and experience difficulties in achieving correct inhaler technique. 5 A systematic review of inhaler use has shown that, depending on the type of inhaler, between 4% and 94% of patients do not use their inhalers correctly. 2 The clinical effectiveness of inhaled medications may be compromised by suboptimal inhaler technique 6, 7 and dissatisfaction with the inhaler, which can result as a consequence of experiencing difficulty in using the inhaler correctly. 8 Therefore, there is a need for inhalers that are easy to use correctly, thus ensuring successful drug delivery.
The ELLIPTA ® multidose dry powder inhaler (DPI) (ELLIPTA is a trademark of the GSK group of companies) can hold sufficient medication for one month (30 doses) without having to replace cartridges or capsules. Separate multidose blister strips can also be used in the ELLIPTA DPI, allowing two separate drug formulations to be administered simultaneously. The ELLIPTA DPI is used to deliver once-daily combination therapies: the corticosteroid fluticasone furoate with the long-acting beta agonist vilanterol, a combination which is approved for COPD in the USA and Canada, for asthma in Japan, and for COPD and asthma in Europe; and the long-acting muscarinic receptor antagonist umeclidinium with vilanterol, approved for COPD in the USA, Canada, Europe, Japan, and in several other countries.
The ELLIPTA DPI was designed to be easily operated by patients of all ages, including the elderly (.70 years), and a previous study demonstrated that it can be operated correctly by the majority of volunteers aged 20 years or older without previous experience of inhaler use and without verbal or demonstrative instruction. 9 Using a self-completed questionnaire, these volunteers also reported that the inhaler was easy to operate.
BREEZHALER™ (BREEZHALER is a trademark of Novartis) is a single-dose capsule inhaler that delivers medication (indacaterol and glycopyrronium bromide) contained in a blister pack of capsules. The inhaler is prepared for use by tilting the mouthpiece open and placing a single capsule from the blister pack into the capsule chamber and closing the inhaler until a "click" is heard. The capsule is then pierced by pressing together both side buttons at the same time until a "click" is heard. The side buttons must then be released fully before the inhaler is ready for use. 10 Previous research has shown that patients with COPD prefer the BREEZHALER over the HANDIHALER™ (Boehringer Ingelheim) DPI, which is commonly used in Japan for the delivery of COPD maintenance therapy. 11 The BREEZHALER DPI was chosen as the comparator for the ELLIPTA DPI because BREE-ZHALER is the most recently introduced capsule DPI, was at the time of the study about to be introduced in Japan as the first inhaler available for long-acting beta agonist/longacting muscarinic receptor antagonist delivery, and shares similarities with the HANDIHALER DPI.
This study assessed inhaler preference and handling errors in inhalation device-naïve Japanese volunteers $40 years of age, a population in which these endpoints have not been assessed previously. The primary objective of the study was to compare preference for the ELLIPTA DPI versus the BREEZHALER DPI, based on ease-of-use criteria after two attempts to use each inhaler. A secondary objective was to determine the incidence of handling errors in the first and second attempts to use each inhaler. Handling errors were assessed before any demonstration or verbal instructions were given, an outcome that has not previously been evaluated.
Materials and methods

Design and subjects
This was a single-center, randomized, open-label, two-period crossover study of the ELLIPTA DPI versus the BREE-ZHALER DPI (control), conducted between November 19, 2013 and November 27, 2013 at Shiba Palace Clinic, Tokyo, Japan (GSK study number 200372). Male and female Japanese volunteers $40 years of age who were capable of giving written informed consent were eligible for the study. The clinic supplied study recruitment information to volunteers on their research panel who did not necessarily attend the clinic regularly. There were both healthy volunteers and volunteers who had one or more recorded diagnoses, since health status was not assessed as part of the study eligibility criteria. Though study subjects were not required to be healthy, those who had regularly used a DPI or who had any previous experience of using the BREEZHALER, HANDI-HALER, or ELLIPTA DPI were excluded. Other exclusion criteria included any condition that affected the subject's ability to operate the inhaler (eg, rheumatism, eye disorder, dementia, and finger disorder or injury).
Subjects aged 40-64 years and $65 years of age were enrolled into the study in a ratio of 1:2, and males and females in a ratio of 1:1. Subjects were stratified by sex and age, and 
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ease of use of the ellIPTa ® DPI randomized 1:1 to the two inhalers using the permutation block method (block size 4).
Treatment
Each subject was randomized to begin with one of two DPIs (ELLIPTA [GSK KK, Tokyo, Japan] or BREEZHALER [Novartis Pharma KK, Tokyo, Japan]) and to perform a sequence of assessments ( Figure 1 ). The study was designed to assess the subjects' technique and preference for inhaler use up until just before the point of inhalation. It was not designed to examine efficacy, so the inhalers were not loaded with any active treatment. After completing their first sequence of assessments, subjects then performed the sequence again using the other inhaler. Subjects used the two DPIs one after the other on the same day and in the order designated by the randomization procedure. Each subject was assessed by the same assessor through both sequences. All assessors underwent a standardized detailed training session in how to evaluate subjects' handling of the inhalers. The ELLIPTA DPI containing no blister strip was used for subject-reported assessment of inhaler operability and for subject assessment of inhaler mouthpiece comfort. For assessment of inhaler handling technique and unpacking, the ELLIPTA DPI with strips containing lactose monohydrate and magnesium stearate was used. Empty capsules were prepared for assessing the use of the BREEZHALER DPI.
All subjects were given two attempts to use each inhaler. The first attempt was made after reading the patient information leaflet. A trained assessor recorded any errors in technique using a pre-prepared checklist, which was based upon the patient information leaflet. Because different techniques are required to use the two inhalers, it was necessary to use a different checklist for each inhaler. A total of eight distinct errors were listed on the checklist for the BREEZHALER DPI, compared with six for the ELLIPTA DPI. After nonverbal demonstration of the correct technique by the assessor, a second attempt at using the inhaler was then made and the assessor again recorded any errors. Subjects who were not able to use the inhaler correctly even at the second attempt were provided with verbal handling instruction, and the mean time from start of handling instruction to acquiring ability to use was recorded. The subjects then crossed over to use the alternative inhaler and the same sequence of activities was performed.
After completion of the inhaler handling technique assessments for both inhalers, the subjects completed a questionnaire to determine inhaler preference. The questionnaire assessed subject preference according to a range of ease-ofuse features, as summarized in the next section.
The subjects' ability to remove the ELLIPTA DPI from the aluminum tray packaging was assessed and categorized as: could unpack without instruction, could unpack with instruction, or could not unpack with instruction. If the subject was unable to unpack without instruction, the assessor recorded the actual instruction given, and described what prevented the subject from opening the pack without instruction.
Outcome measurements
The primary outcome was the odds ratio of preference for ease-of-use between the ELLIPTA DPI and the BREE-ZHALER DPI. The secondary outcomes were the proportion of subjects with any handling error, proportion of subjects with each error, mean time from start of handling instruction to being able to use the inhaler, level of unpacking operation attained, and preference rates for ease of use, ease of knowing how many doses remain in the inhaler, comfort of mouth piece, handling steps, and handling time.
statistical analysis
The target sample size was planned on the basis of statistical power to detect a significant difference in inhaler preference with 90% power, assuming a two-sided 5% significance level. Based on an a priori estimated odds ratio (OR) of preference for the ELLIPTA DPI over the BREEZHALER DPI ranging from 1.8 to 2.2, the required sample size ranged from 130 to 74 subjects.
A priori subgroup analyses according to age (,65 years old versus $65 years) and sex were conducted. Taking into account the age and sex subgroup analyses, a target total sample size of 150 subjects was sought to provide sufficient statistical power for detecting differential preference with an OR of approximately 2.
Any difference in ease of use between the ELLIPTA DPI and BREEZHALER DPI was determined by calculating the OR and 95% confidence interval (CI) of the number (percentage) of subjects with each answer, based on a logistic model that included sex, age, and sequence. Descriptive statistics were used to record the difference in 
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Komase et al time (minutes) from the start of the handling instruction to acquiring ability, and the percentage of subjects who were able to unpack the ELLIPTA DPI according to the three categories described above. SAS version 9.2 software (SAS Institute, Cary, NC, USA) was used for all statistical analyses. The full analysis set comprised all subjects who fulfilled the inclusion criteria, did not meet any of the exclusion criteria, provided consent, handled both inhalers, and had preference data.
Results
One hundred and fifty subjects were recruited and comprised the full analysis set. The mean (± standard deviation) overall age was 62.8±10.66 years. A total of 100 participants in the study were aged $65 years and there were equal numbers of male and female subjects (Table 1) .
For "ease of use", the ELLIPTA DPI was preferred over the BREEZHALER DPI by 134 versus 16 subjects, respectively (OR 70.14, 95% CI 33.69-146.01; P-value not applicable for this inhaler, Figure 2 ). The ELLIPTA DPI was preferred to the BREEZHALER DPI by 137 versus 13 subjects for the number of steps needed and by 139 versus 11 subjects for the time needed to operate the inhaler (Figure 2 ). The ELLIPTA DPI was preferred by 63% of all subjects for ease of knowing how many doses of medication are left in the inhaler (Figure 2 ). The BREEZHALER DPI was preferred over the ELLIPTA DPI for comfort of mouthpiece (96 versus 54 subjects, Figure 2 ). All of these observations were unchanged when the results were analyzed by age and sex ( Figure S1 ).
Types of handling error observed at the first attempted use of the inhalers are shown in Table 2 . Overall, the number of subjects with at least one error was lower with the ELLIPTA DPI (n=17 [11.3%], 95% CI 6.7-17.5) compared with the BREEZHALER DPI (n=102 [68.0%], 95% CI 59.9-75.4); (OR 16.62, 95% CI 9.03-30.61). The number of subjects with at least one error at the first attempt was also lower with the ELLIPTA DPI compared with the BREEZHALER DPI in both the age and sex subgroups (Table 3) .
At the second attempt, after nonverbal demonstrative instruction, the overall number of handling errors was lower than at the first attempt for both the ELLIPTA DPI (n=3 [2.0%], 95% CI 0.4-5.7) and the BREEZHALER DPI (n=49 [32.7%], 95% CI 25.2-40.8; Table S1 ).
While using the BREEZHALER DPI, several subjects were reported to have replaced the cap after removing it, which occurred at around the timing of pressing the side buttons. Of these, eight subjects ultimately moved the BREEZHALER close to their mouth without removing the cap. Also using the BREEZHALER DPI, one subject was reported to have dropped a capsule three times. In the ELLIPTA DPI group, one subject moved the ELLIPTA DPI close to their mouth while holding it in a vertical orientation against the mouth. For subjects who were unable to use the inhaler after two attempts (ELLIPTA DPI, n=3; BREEZHALER, n=49), the mean duration of handling instruction required to achieve correct use was shorter among those using the ELLIPTA DPI when compared with those using the BREEZHALER DPI (1.2 minutes versus 1.9 minutes, respectively). All subjects were able to open the aluminum tray containing the ELLIPTA DPI without instruction.
Discussion
Bronchodilators used to treat pulmonary diseases such as asthma and COPD are administered using inhalers. The ease of use of an inhaler is important in minimizing the likelihood of handling errors. Incorrect use of inhalers may result in diminished therapeutic effects, poor control of symptoms, and inadequate control of the disease resulting from suboptimal dosing, 6 and can also give rise to patient dissatisfaction with the inhaler. 8 Ease of use is therefore an important factor in encouraging patient persistence with therapy. 7 Verbal instruction in inhaler use may support correct use of the inhaler, 12 but is not applied consistently in clinical practice; it has been reported that up to 25% of patients never receive verbal instruction on inhaler technique. 2 An inhaler that patients are able to use correctly with little or no verbal instruction is therefore desirable, but we recognize that patient education in inhaler use and reinforcement is important.
The findings of our study are consistent with previously reported data. In our study, the ELLIPTA DPI was preferred to the BREEZHALER DPI for ease of use, number of steps needed, and time taken to operate the inhaler by 89%, 91%, and 93% of the inhalation device-naïve subjects, respectively. In previously reported qualitative interviews of patients with COPD in the USA, 85%-95% preferred the ELLIPTA DPI to their current inhalers (DISKUS™ [GSK], HANDIHALER, or metered dose inhalers); among patients with asthma, 60%-71% preferred the ELLIPTA DPI to the DISKUS or metered dose inhaler. 13 Subjects in our study also reported that they found the visual dose indicator of the ELLIPTA DPI to be helpful and clear. In a separate patient-reported ease-of-use study in patients with asthma participating in three multinational, randomized, controlled trials of fluticasone furoate/vilanterol combination therapy, 94% of participants reported that the ELLIPTA DPI was "easy or very easy to use". 14 The majority of subjects in our study preferred the BREEZHALER DPI over the ELLIPTA DPI for mouth piece comfort (64% versus 36%, respectively), which may reflect the differences in mouthpiece shape and size. The mouthpiece of the BREEZHALER DPI is larger than that of the ELLIPTA DPI, and some patients may find this more comfortable when forming a seal.
Our ease-of-use data for subjects ,65 and $65 years of age was similar between groups. In the older subgroup, 87% of subjects preferred the ELLIPTA DPI to the BREEZHALER DPI on the basis of ease of use, compared with 94% of subjects in the younger group. The current study provides new evidence to support the preference for the ELLIPTA DPI by older subjects, which is important given that the incidence of COPD increases with age. Handling errors were assessed using pre-prepared checklists designed to categorize all errors that could potentially be made by users of the ELLIPTA and BREEZHALER DPIs. Because the BREEZHALER DPI is more complex to use compared with the ELLIPTA DPI, more error categories were listed in the BREEZHALER checklist than that used for the ELLIPTA DPI (eight versus six). At first attempt, the proportion of subjects with at least one handling error was lower for the ELLIPTA DPI compared with the BREEZHALER DPI (11% versus 68%). At this attempt, the subjects had read the patient information leaflet, but had not received any verbal instruction and had no previous experience of DPI use. These results suggest that use of the ELLIIPTA DPI is simpler and more intuitive versus the BREEZHALER DPI. At the second attempt, after a nonverbal demonstration by the study assessor, the proportion of subjects with handling errors for the ELLIPTA DPI decreased from 11% to 2%; for the BREEZHALER DPI, the proportion decreased from 68% to 33%. A previous study, reporting the results of indepth interviews of asthma and COPD patients who had used the ELLIPTA DPI in clinical trials, 13 showed that most patients felt that after a demonstration they did not need to refer to the instructions or ask further questions in order to use the inhaler correctly. Moreover, in a subanalysis of ease-of-use and inhaler competence data in patients with asthma, 14 95% of patients used the ELLIPTA DPI correctly after the initial demonstration of correct usage at randomization; the most common error (2% of patients) was opening the cover incorrectly. A further 4% of patients were able to use the inhaler correctly at randomization after one additional instruction.
14 In our study, the time of handling instruction needed was shorter for the ELLIPTA DPI compared with the BREEZHALER DPI in subjects who were not able to use the inhaler following nonverbal instruction. Finally, for the eight subjects in the BREEZHALER group who moved the BREEZHALER close to their mouth without removing the cap and the one subject in the ELLIPTA DPI group who moved the ELLIPTA DPI close to their mouth while holding it in a vertical orientation against the mouth, these events may have been influenced by the study design, which was to evaluate the subjects' performance up to the time just before inhalation -study subjects did not place the mouthpiece in their mouths when handling the inhalers.
This study has strengths and limitations. A crossover study design was used to reduce bias resulting from potential variations between study groups, and to balance possible order and carryover effects. As study subjects were inhalation device-naïve, ease of handling could be assessed irrespective of pharmacological efficacy and without the influence of prior experience or knowledge of inhalers confounding the results. The population demographics enable the study findings to be extrapolated to patients with COPD and to elderly patients with asthma; however, it is also important to consider that the study subjects did not have a long history of DPI use.
The results reported here do not reflect all the factors that may influence inhaler preference in a real-world setting in patients with respiratory disease, where treatment efficacy, number of inhaler(s)/daily inhalation(s), or other patientspecific factors may also be important. For example, BREE-ZHALER users are able to determine if they have inhaled the medication correctly by listening for a whirring sound when breathing in and subsequently checking the empty capsule; this property is specific to this inhaler and may influence patient assessment of ease of use and ease of determining the number of doses remaining. Subjects responded to the questionnaire without having used the inhaler repeatedly as a patient would in clinical practice; therefore, it was not within the scope of the study to identify recurrent usage errors and drivers of patient preference in everyday use. In a real-world setting, patient and clinician evaluations of some aspects of inhaler use may, therefore, vary from the findings presented here.
Thus, further investigations in real-life settings will be important for a more thorough understanding of all the factors affecting inhaler preference. Such data may also be useful for assessing whether errors in using an inhaler can affect clinical outcomes. In this study, the inhalers did not contain any active drug and therefore no clinical effectiveness or safety data could be gathered.
In conclusion, among inhalation device-naïve Japanese volunteers aged $40 years, the ELLIPTA DPI is simple to use and is preferred to the BREEZHALER DPI for several reasons, including ease of use. The proportion of subjects who made handling errors when using the inhaler without prior verbal instruction was lower with the ELLIPTA DPI than with the BREEZHALER DPI. Although further realworld studies are needed, these findings in people without previous inhaler experience suggest that the ELLIPTA DPI is associated with fewer handling errors and is preferred for its ease of use.
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